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(g) Vehicle motor switching apparatus. 



There is provided a vehicle motor switching ap- 
paratus having an armature coil, a senes circuit- 
including a series coil and connecting the armature 
coll and a battery and a shunt coil, comprising a 
switch for connecting the shunt coil to the series 
circuit in parallel to the armature coll to set up the 
motor as a compound-wound motor when the shunt 
coll is connected to the series circuit, while set up 



the motor as a series motor when disconnected 
therefrom. The apparatus further comprises a switch 
for disconnecting the series coil from the series 
circuit to set up the motor as a shunt motor when 
the shunt coil is connected to the series circuit and 
the series circuit is disconncted therefrom. 
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VEHICLE MOTOR SWITCHING APPARATUS 



BACKGROUND OF THE INVENTION 

TihS iiV'^ntion relates to a vehicle moicr 
switching apparatus for selecting a type of a ve- 
hicle motor among a series motor, a compound- 
wound nKtcr ^.nd a shunt motor. 

A v'^'hi'^.'.^ motor is mostly driven by a battery 
instahvd ii'i a vehicle, particularly an eisctric vehicle 
which has been developed for being free from oil 
resoui. -v.i jss pc'^ufcion. Control of such a mo- 
tor is one of Lhe important factors in determining 
the vehicle performance. 

The Japanese Utility Model Publication No. 
1983(58)-21284 discloses such motor controL The 
control apparatus disclosed therein comprises a 
feeder circuit including a controller for adjusting a 
voltage or a current applied to a motor in response 
to an amount of depression of an accelerator. 

Also, the apparatus comprises a brake circuit 
for braking the motor by short-circuiting two termi- 
nals of the motor and a switch interlocked by the 
accelerator for switching the two circuits. 

The feeder circuit Is driven to rotate the motor 
when the accelerator is depressed- On the other 
hand, the brake circuit is driven to brake the motor 
when the accelerator is released. 

As is already known, a motor driven by means 
of a d.c. current from a battery is roughly classified 
into a series motor, a compound-wound motor and 
a shunt motor according to a wiring configuration of 
coils for exciting field poles, 

Those motors are selectively used for their 
usage. However, only one type of a motor is some- 
times not sufficient for a vehicle such as an electric 
vehicle which should be operated at various travel- 
ling conditions. 

The series motor produces a large starting 
torque and excellent starting acceleration but also 
has a large speed variation and increases an en- 
gine speed greatly as a load torque to the motor is 
made small. 

On the other hand, the shunt motor has a low 
speed variation or stable engine speed even if a 
load torque varies but also has relatively a small 
speed control region when a load is connected 

Fur r.f rrncre, the compound-wound motor has 
charc.c...i : ; intermediate between the series mo- 
tor and the shunt motor and a slow response to the 
chango "rr. operating state. 

SUMMARY OF THE INVENTION 

The object of the present invention is to pro- 



vide an apparatus which swiches a type of a ve- 
hicle motor according to travelling condidon to ob- 
tain beit motor characteristics so as t.o improve 
vehicle p£)rformance. 

5 According to the present invention, there is 

proviusJ a vehicle motor switching apparatus hav- 
ing an armature coil, a series circuit including a 
series coii and connecting the amscure coil and a 
battery and a shunt coil, comprising a switch for 

10 connecting the shunt coil to the series circuit in 
paralle l lo the armature coH up the meter as 

a cornpound-wound motor when the shunt coil is 
connected to the series circuit, while set up the 
motor as a series motor when disconnected there- 

75 from. 

The apparatus further comprises a switch for 
disconnecting the series coil from the series circuit 
to set up the motor as a shunt motor when the 
shunt coil is connected to the series circuit and the 
20 series circuit is disconncted therefrom. 

The other objects and features of this invention 
will become understood from the following descrip- 
tion with reference to the accompanying drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the configuration of an electric 

vehicle; 

30 FIG. 2 shows a preferred embodiment of a con- 
trol system according to the present invention; 
FIG. 3 shows a functional block diagram of the 
control system shown in FIG. 2; 
FIG. 4 shows the characteristics of each type of 

35 a motor; 

FIG. 5 Is a graph showing the relationship be- 
tween an accelerator depression amount d and 
an armature voltage adjusting resistance R; 
FIG. 6 is a flowchart showing control procedure 

40 of the motor; 

FIG. 7 shows another preferred embodiment of 
a motor control circuit in the control system 
according to the present invention; 
FIGS. 8A and 8B show still another preferred 

45 embodiment of the motor control circuit and a 
conbination of switches thc^reof according to the 
present invention; 

FIG. 9 shows a further preTon--d ernbcc^.iment of 
control system according to Ihe pic^er^ inven- 
50 tion; 

FIG. 10 shows a functional bieck diaora.n of the 
control system shown in FIG. 9; 
FIG. 11 is a graph shov^ing the relationship 
bcrrvcen ^^e accelerc-atcr cr. .Ci:i-:i '' rrnoi.nt d 
and the adjusting resistances Rt anc Ra; 
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FIGS. 12 to 14 are flowcharts showing control 
zroced'jre cf ths met.: and 
FIG. 15 shows a still further preferred embodi- 
rr.cnt of -hs r. otcf . ntroi circuit according to 
the present invention; 

':e'*':7:?-t o? th -, preferred embodi- 

Tr*.3 present invsntion will now be described in io 
detail with reference to the accompanying draw- 
ings. 

Tnroughout the drawings, like reference nu- 
-nd latz:- are * sed to designate like or 
eqjivalent elements tor the sake of simplicity of /5 
explanation. 

First in FIG. 1, an electric automobile 1 com- 
prises an engine 2 having a crankshaft pulley 2a to 
which a pulley 4a of a generator 4 is connected 
through a belt 3. A batter/ 5 Is charged by the 20 
generator 4. The generator 4 also acts as a starter 
when the engine 2 starts. A drive gear lb mounted 
on an axle shaft la is connected to a drive gear 6d 
of a motor 6 through an idler gear 7. 

The motor 6 is a d.c. motor. The output of the 25 
engine 2 is converted Into electrical energy. The 
batiery 5 is then charged v/ith the electrical energy. 
The motor 6 is thus driven by means of the 
charged electrical energy. Namely, the electric 
automobile 1 is a serial hybrid vehicle. 30 

The engine 2 is a gasoline engine. As Is shown 
in FIG. 2, a carburetor 8 is provided in an intake 
pipe 7. An air cleaner 9 is attached to the intake 
pipe 7 upstream the carburetor 8. Furthermore, a 
rotary actuator 10 composed of such as a stepping 35 
motor or a rotary solenoid is attached to a throttle 
valve 7a Installed in the intake pipe 7. 

There are provided protrusions on the outer 
periphery of the pulley 4a of the generator 4. A 
generator-rotating speed detection sensor 1 1 which 40 
is composed of such as an electromagnetic pickup 
detecting the protrusions is provided to face the 
protrusions. 

A controller 20 consis-ing of a microcomputer 
comprises a CPU (centra! processing unit) 21, a 45 

RCM -TC'd only rr-;mcry) 22. a RAM (random 
" : ' -".z-or-f) 22 a;.d ..n I/O (inpuVoutput) inter- 
tccG 24 connected to each other through a bus line 
' \ J ^':t.'n^■vc.;^.^: ^^.,cr supply 26 connected 
tc. .f-.if ;>att.s-ry 5 thr.?:.T;n a r^-'ay contact of a controi 50 
r-^:/ HY bi.nriiv^s ecf '^i.ir.in cower to those compo- 

Tha control relay RY is also connected to the 
'~:':-p/ 5 throLigh a k3/ rv/irch 27 and an ignition 
irv'}!; 2b of the er^glo- 2. Furtnerrnore. a generator 55 
control circuit 4b and a motor control circuit 6e are 
connected to the battery 5 to be supplied with the 
electrical power. 



Variable sensors including the generator-rotat- 
ing speed sensor ri and an accelerator depression 
amount sensor 12 are connected to an input port of 
the l/C \'.iiricj:3 24. /^vlso, a posillvo leniunaf of tho 
battery 5 is connected to the input port to supply a 
terminal voltage thereto. 

On the other hand, the rotary actuator 10, the 
ignition circuit 2b, the generator control circuit 
and the motor control circuit 6e are connected to 
an output port of the I/O interface 24 through a 
drive circuit 28. 

In the motor 6 as shown in FIG. 3, a series 
circuit of a shunt coil 6b and a normally-open 
contact of a relay switch SW1 is connected to the 
battery 5 in parallel to an armature coil Sa. Furthor- 
more, a series circuit of a series coll 6c and an 
armature voltage adjusting resistor 13 is connected 
to the battery 5 in series to tine armature coil 6a. 

Accordingly, the motor 6 is switched to a se- 
ries motor or. a compound-wound motor by means 
of such as the relay switch SW1. Namely, the 
motor 6 is constituted as the series motor by 
disconnecting the shunt coil 6b from the battery 5 
by means of the normally-open contact of the relay 
switch SW1 when the switch SW 1 is off. On the 
other hand, tiie motor 6 is constituted as the 
compound-wound motor by connecting the shunt 
coil 6b to ths battery 5 due to closing of the 
normally-open contact when the switch SW1 is 
turned on. A resistance value of the armature volt- 
age adjusting resistor 13 is adjusted by a 
resistance-control actuater 13a. 

The ROM 22 is prestored with a control^ pro- 
gram and fixed data such as control data. On the 
other hand, the RAM 23. is stored with the^data 
obtained after calculating output signals from each 
of the sensors and also a monltored-value of the 
terminal voltage of the battery 5. 

Signals from each of the sensors are pro- 
cessed by the CPU 21 according to the control 
program prestored in the ROM 22. And then an 
engine-stop signal to the ignition circuit 2b, a con- 
trol signal to the generator control circuit 4b, a 
drive signal to the rotary actuater 10 and a control 
signal to the motor control circuit 6e are calculated 
by the CPU 21 . 

The opening of the throttle valve 7a of the 
engine 2 is controlled by the rotary actuater 10 
which is driven by the CPU 21. Furthermore, 
chrirging the battery 5 is controiied bv the gens'- 
a:or 4 wliose roiaiion speed is adjusted to a spe- 
cific value b/ CPU 21. Th*^- r-.jcr 6 is also 
switched to The series or compound-wound motor- 
type by the CPU 21 . 

Next, the motor-type switching function of the 
controller 20 will be explained. Also in FIG. 3. the 
controller 20 cornprisos an accelerator dr.pression 
amount c<:'ci.:alirn sojiion ^'0, an accele:r*^r 'w.- 
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pr^^cQjj-tn prr^ofpt judging section 31 , a motor-type 
selection section 32, an armature voltage adjusting 
r£:^'3t*nr- ^z"::i\Q section 33. an arnature voltage 
adjusting resistance map MR and a resistance- 
control aciuatsr drive section 34. 

A:\ .icc^l3rator depression amount 0 is cal- 
culated by the calculation section 30 on the basis 
of a signal from the sensor 12. Tne amount e 
calculateid by che calculaticn section 30 is judged 
by tiie judging section 31 for whether the amount e 
\?, n -'K • :n- r, a preset value OSET or not.- 

The selection section 32 produces a signal 
-hen ^he amo?.'nt a is judged to be smaller than the 
preset vv::o :SET {S < eSET) in the judging sec- 
tion 31 and sppiies the signal to the motor control 
circuit 6e to turn on the relay switch SW1 so as to 
connect the shunt coil 6b to the battery 5. The 
motor 6 is thus switched from the series motor- 
type to the compound-wound motor-type. On the 
other hand, the relay switch SW1 is turned off to 
switch the motor 6 to the series motor-type if e ^ 
eSET, 

Namely, the shunt coil 6b of the motor 6 Is 
intermittently connected to the battery 5 in re- 
sponse to a load such as the amount 0 while the 
vehicle 1 is traveiling. The motor 6 is thus switched 
to the series m.otor-type if the amount e or the load 
is large and to the compound-wound motor-type if 
the amount e or the load is small. 

Therefore, as is understood from FIG. 4, the 
motor 6 can be driven, under the best condition so 
that energy efficiency and travelling performance of 
the vehicle 1 can be improved. 

In the setting section 33, an armature voltage 
adjusting resistance R of the motor 6 is retrieved 
from the map MR with the depression amount 9 as 
a parameter. 

Then, the actuater 13a is driven through the 
drive section 34 to set the value of the resistor 13 
connected in series to the series coil 6c of the 
motor 6 to the resistance R thus retrieved from the 
map MR. 

The resistance R which is inverse proportion to 
the amount 3 is prestored in the map MR. Accord- 
ingly, the larger the amount d, the smaller the 
resistance R becomes to boost , a voltage applied to 
the armature coil 6a so as to produce the required 
torque and vehicle speed. 

The operation of the prelerred embodiment ac- 
cord!f:C/ t ' ihe present invention will be explained 
v'i'h rJ " '"C i -0 the flowchart shown in FIG. 6. 
Tnis i.ov,'.j.ci:1 -^nows a program which is repeated 
per specific period of time or cycle while the elec- 
In j V3r;.: c: 1 is travelling by the motor 6 which is 
started by turning on the key switch 27. 

First in STEP 101, the depression amount 9 
from the sensor 12 is accepted. Then, the depre^:- 
sion amount 8 and a specific preset value OSET 



are compared v/ith each other in STEP 102. 

The program aovances to STEP 103 from 
STEP 102 if e OSET. In STEP 103, the relay 
switch SW1 is turr.tJ'j Oiv :o zeleci ine sariso .nc - 
5 type and the program advances to STEP 105. 

On the other h?rd 9 < eSEJ in STEP 102. 
the program advances Lo STEP 104 in which the 
relay" switch SV/t is turned on to select the 
compound-wound motor-type and the program ad- 
10 vancesto STEP 105. 

In STEP 105, the resistance R is retrieved from 
the map MR with the dep»ession artiount 6 as a 
paramemter and the program advances to STEP 
103. 

15 In STEP 10?. ths actuater ISa is driven to 

adjust the resistor 13 of the motor 6 to the resis- 
tance R. Then, the program returns to STEP 101. 

FIG. 7 shows, another preferred embodiment 
according to the present invention. In the figure, a 

20 normally-closed contact of a relay SW2 as a 
switching means is connected in series to a shunt 
coil 6b which is connected in parallel to an ar- 
mature coil 6a ot a motor 6. And also an armature 
voltage adjusting resistor 40 is connected in series 

25 to a series coil 6c which is connected in series to 
the armature coil 6a. 

A resistance-control slider 40a of the resistor 
40 is. as depicted by a broken line, communicated 
to an accelerator 41 through a wire 43 and a link 

30 42. The relay switch SW2 is interlocked by the 
accelerator 41 to be intermfttently disconnected 
from a battery 5 through a limit switch SW3 op- 
erated according to a specific depression amount 
0AC. 

35 The limit switch SW3 is usually opened when 

the depression amount of the accelerator 41 is 
small. Thus, the relay switch SW2 is on and the 
motor 6 is a compund-wound-type. 

On the other hand, the limit switch SW3 is 

40 closed when the depression amount of the accel- 
erator 41 becomes larger than eAC. Then, an elec- 
tric power is supplied to the relay switch SW2 to 
open its contact so as to turn off the relay switch 
SW2. The shunt coil 6b is thus disconnected from 

45 the battery 5 and the motor 6 is switched to a 
series motor-type from the compound-wound-type. 
The slider 40a of the resistor 40 slides due to the 
wire being pulled in response to the depression 
amount or the load nircirjh the rink 42. Therefore. 

50 the resistance -^0 dccrr:?.ses to produce the re- 
quired torque and vc^^^^3 rpeed in accordance 
vv'ith the increase 

Ne>l in FIG. 3A. a chunt coil 6b is connected in 
parallel to an arm an- - -31 of a motor d, and a 

55 series coil 6c is cjn'>jCit.d :n series to the ar- 
mature coil 6a. A switch SW4 is connected in 
• series ic the shunt coil 6b. A switch SV^5 is con- 
nected in series to the series coil 6c F..-*hermore. 
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a switch SW6 is connected in parallel to a series 
circ!':£ c: iho scries coil ^.z and tho s/.-itch SW5- 
Namely as is shown in FIG. 88, the motor- type 

such as the switches SVy4, SW5 and SW5 so that 
the" nnc tor 3 operates as a compound-v;ound no^n':. 
a inoior or a seri-:. m.otor 2ccDr::'ir!Q to tne 

trayolling sfate. Tna svmch SVV5 nr»ay 03 ^-iirnindt-^J 
since it is to surely disconnect the series coii 6c 
from ti:e battery 5. 

As is shown In FIG. S, the engine 2 in further 
p.":--r3:'-.yj smbodiir.on^ ^^he pres^'it invanticn p-cc 
a vchide speed sensor 30 and a current sensor 
CO. - . * to th3 hittorv 5 at :t3 '^o^^itiva t^/f/'- -.; 
are connscted to tha inp_r port of the 1/0 inferfacs 
24. An. alarm LED Is connected to the drive circuit 
28. Other configuration in FIG. 9 is the same as 
thatinFIG.2. 

A motor control circuit 60e will be explained 
with reference to FIG. 10. In the figure, a field 
current/voltage adjusting resistor 16 is connected in 
series to a shunt coil 6b. Furthenmore, a relay 
contact (corresponding to the switch SW4 in FIG. 
8A) of a relay switch SW10 is connected in series 
to the resistor 16. 

An armature voltage adjusting resistor 13 is 
connected in series to a series coil 6c. A relay 
contact (corresponding to ene switch SVV5 in FIG. 
8A) of a relay switch SW20 is connected in series 
to the resistor 13. A relay contact (corresponding to 
the switch SW6 in FIG. 8A) of a relay switch SW30 
is connected In parallel to the series circuit of the 
series coil 6c, the resistor 13 and the relay contact 
of the relay switch SW20. 

The values of the resistors 13 and 16 are 
adjusted by resistance-control actuaters 13a and 
16a, respectively. 

The ROM 22 is presotroed with a control pro- 
gram and fixed data such as control data. On the 
other hand, the RAM 23 Is stored with data ob- 
tained after calculating output signals from each of 
the sensors and also a monitored-value of the 
terminal voltage of the battery. 5. 

Signals from each of the sensors are pro- 
cessed by the CPU 21 according to ihe control 
program prescored in the ROM 22. Then, an 
englnc->,iop signal to the ignition dr::un 2o. a con- 
trol signal to the generator contrct circuit 4b, a 
slgnnl to the r.-t-ry aJ-irtDr tO rn-? c cor'^rol 
•'*■•:" :! tha ocntrcf cfrciit ^Qe a:e ccbbl^teci b^' 
CPU 21. 

engine 2 is controlled by ihe rotary actuater 10 
'.vSich n driven by the CPU 27. FLrthermorc, 
vt p]r:irv; '0 th'j b'ditQry 5 Is controlled by the gen- 
erator 4 v/hose rotation speed is adjusted to a 
specific value by the CPU 21. The motor 6 is also 
switched between the series, the shunt or the 



compound-wound motor-type by the CPU 21. ac- 
cording to the traveling state of the vehicle 1 . 

As is also shown in FiG. 10. the controller 200 
.0 nonses a consumed-pov/er calculation section 
5 300. a consumed-power judging section 310, an 
alarm drive section 320. an accelerator depression 
amount calculation section 330, an accelerator de- 
pression amount judging section 340, a consumed 
current judging section 350, a vehicle speed judg- 
10 ing section 360. a battery terminal voltage judging 
s^xtion 370, a motor-type selection section 380, an 
^ . -at'jre voltage adjuting resistnace setting section 
390, an armature voltage adjusting resistnace map 
r/rl2. an armatfjre voltage adjusting res:?»T»nce-con- 
>5 irol actuater drive section 400, a field current ad- 
justing resistance setting section 410, a field cur- 
rent adjusting resistance map MR1 , a field current 
adjusting resistance-control actuater drive section 
420. 

20 A consumed power W is calculated by means 

of a terminal voltage Vq of the battery 5 and a 
consumed current A of the motor 6 detected by the 
sensor 14 (W = Vs x A) in the calculation section 
300. 

25 The consumed power W thus calculated is 

judged as to whether it Is smaller than a specific 
preset value WSET in the judging section 310. 

The alarm LED 1.5 is then turned on by the 
alarm drive section 320 to warn a driver if it is 
30 judged in the judging section 310 that the cal- 
culated consumed power W exceeds the preset 
value WSET. 

On the othe hand, a depression amount a is 
calculated in the calculation section 330 based on 
35 a signal from the sensor 12. . ,;, 

The depression amount e thus calculated is 
judged as to whether it is smaller than a specific 
preset value OSET or not in the judging section 
340 if the' calculated consumed power W is judged 
40 smaller than the preset value WSET in the judging 
section 310. 

The consumed current A detected by the sen- 
sor 14 is judged as to whether It is larger than a 
specific preset value ASET or not in the judging 
section 350 if the calculated depression amount 6 
is judged larger than the preset value OSET in the 
iucging section 340. 

Furhtermore. a vehicle speed S detected by 
t'-»e sensor 30 is judged as to whether it is smaller 
. ^:^';cinc pf-eset vaiuv -GET in < j:idc::pg 
ci:cn 360 if the detected consumed cu.frent A is 
■ ' :c 'i'? l-^tger than tho preset v?:'- : ^CET In 
ihe judging section 350. 

The terminal voltage Vb of. the battery 5 is 
.'. iiiCd as to whether it is smaller than a specific 
preset value VSET in the judging section 370 if the 
calculated consumed power W is jrciged io be' 
larger than the preset vaije WSET in the j'udginq 
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SLC cn 310. 

Alt the judging results cf the judging sections 
310, 340, 350, 3C0 and : ars ::.-;ivr-d by tho 
selection section 380 to select the i:>'pe of the 
motor 6 among the series motor-type, the chunt 
mc.cr-r/f>£ ^^^^ the connpc-jcd-vvou:'.^ iVotor-type. 

Tiie roiay switches 3W10 arj SW30 are 
turned off and the relay switch SVV20 is turned on 
in the motor control circuit OOe if uic, oeries motor- 
t^'pe is selected. 

The relay switches 3\V10 and SW30 are 
turned on and the relay switch SW20 is turned off 
if the shunt motor-type is ^obcted. 

Furthermore, the rsl o'.^itotu ^ oW10 and 
SW20 are turned on and tne relay switch SVVSO is 
turned off if the compound-wound rrfotor-type is 
seleicted. . , 

Namely, the motor 6 is set" lip as the 
compound-wound motor without any condition to 
reduce the power consumption if the present con- 
sumed power W is larger than the preset value 
WSET. The motor 6 is also set up as the 
compound-wound motor to restrict power reduction 
of the battery 5 if the consumed power W and the 
depression amount B are smaller than preset val- 
ues WSET and eSET. respectively. 

On the other hand, the motor 6 is set up as the 
series motor under the travelling state that the 
vehicle speed S is lower than the preset value 
SSET and a larger torque is required if the con- 
sumed power W Is smaller than the preset value 
WSET and the depression amount 8 is larger than 
the preset value 0SET. Furthermore, the nnotor 6 is 
set up as the shunt motor under the travelling state 
that "the vehicle speed S is higher than the preset 
value SSET and a large torque is not required but 
a stable vehicle speed is required. 

Therefore, the motor 6 can be driven under the 
best condition of the characteristics shown in FIG. 
4 according to the travelling state to improve en- 
ergy efficiency and the travelling performance 
greatly. 

In the setting section 390. an armature voltage 
adjusting resistance R2 of the motor 6 is retrieved 
from the map MR2 with the depression amount B 
calculated by the calculation section 330 as a pa- 
rameter a when the motor 6 is set up as the series 
motor or the compound-wound motor in the selec- 
tion seciion 300. 

The actuator 13a is then driven through the 
drive section 400 to adjust the r^.sfstor 13 con- 
nected in series to the series coil 6c of the motor 6 
to the resistance R2- 

In the setting section 410. a field current ad- 
justing resistance R1 is retrieved irom the map 
MR1 with the depression amount Q calculated by 
the ca!c'J:at:r n section 330 as a parameter B ^hon 
the motor 6 is set up as the shunt motor or the 



compound-wound motor in the selection section 

383. 

The 'CtLia'.or tC-^i is :hon driv-n thrcugi^ !he 
drive seciion 420 to adjust the itsiotor 16 c^n- 

5 nected fn series to the shunt coil 6b of the motor 6 
to the rooistance F1. 

As is shown in FIG. 11. the resistance R1 and 
R2 which are inverse proportion to the depression 
amount Q are prestored in the maps MR1 and 

70 iViR2, respectively. The larger the depression 
amount B, the smaller the resistance R1 and R2 to 
boost voltages applied to the sarmature coll 6a and 
the series coil 6c in the case of the series motor- 
t/pd. The currG.-.t plied lo the shunt coil ob 

75 made laiger and the current applied to the ar- 
mature coil 6a is made smaller with the increase of 
the depression amount Q in the case of the shunt 
motor: A combination of the above two cases are 
brought into the compound-wound motor-type 

20 when selected. 

The operation of the further preferred embodi- 
ment according to the present invention will be 
explained with reference to the flowcharts shown in 
FIGS. 12 to 14. These flowcharts show a program 

25 which is repeated per specific period of time or 
cycle while the electic vehicle 1 is travelling by the 
motor 6 which is started by turning on the key 
switch 27. 

First in STEP 201 shown in FIG. 12, a terminal 
30 voltage Vb of the battery 5 and a consumed current 
A of the motor 6 detected by the sensor 14 are 
accepted. 

In STEP 202. a consumed power W associated 
with the operation of the motor 6 is calculated by 

35 means of the terminal voltage VB and the -con- 
sumed current A thus accepted (W = Vb x A). 
Then, the program advances to STEP 203. 

The calculated consumed power W is com- 
pared with the preset value WSET in STEP 203. 

40 The program advances to STEP 219 shown in FIG. 
14 if W > WSET. On the other hand, the program 
advances to STEP 204 in which a drive signal is 
stopped to turn off the alarm LED 15. Then, the 
program advances to STEP 205. 

45 The accelerator depression amount a is ac- 

cepted in STEP 205. The depression amount 6 is 
compared with a preset value OSET in STEP 205 
shown in FIG. 13. The program advances to STEP 
207 if 9 ^ 0SET, in which the relay switches SW10 

50 and S\'V20 are turned cn and the relay switch 
Sy^30 is turned off to set up the motor 6 as the 
compound-wounc. ..^oior-iypa. Th^n, the program 
advances to STEP 208. 

In STEP 208, tiie resistances R1 and R2 are 

55 respectively retrieved from the maps MR1 and 
MR2 with the depression amount 0 as a parameter. 
The progrcm then cd /ances STEP 209. 

The actuator J lCa -rd 13a are driven lo set 
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each of values of the resistors 16 and 13 to the 
reslstan-jes R1 and R2 deiennined in STEP 208. 
Then, the program returns to STEP 201 . 

On the other hand, i' e > ^ ST-"^ 206, 

the program advances to STEP 210. The con- 
sumed current A acce:;:od in .STEP 201 arri a 
?;.-::set value ASE/ s, : ^ 'i-.-^.'. ^ \/-ri each ether 
in oVtEP 210. r^jn, ui3 p.'uj.ani ao^/adCL-: to 
STEP 2i3 if A < ASET, svhile to STEP 211 If A > 
ASEr. -\ '.vjiicle opeea S is accepted fiorn the 
so!:.:t \^ STEP 211. Then, the vehicle scr,:d 8 
: vaiu^ SSL;V' ...^ r....;pr;:- :i ..ajh 
Other in STEP 2iZ. Tr.o progranri a^Jvances on 

In STEP 21 o, the ro-lay o^.vitchcs SWMO and 
SVv'30 are turned off and the relay switch SVV20 in 
turned on in the motor control circuit 60e to select 
the' series motor-type. 

Next in STEP 214, the resistance R2 is re- 
trieved from the map MR2 with the depression 
amount 3 as a parameter accepted in STEP 205. 
Then, the program advances to STEP 215. 

The actuator 13a is driven to set the rsistor 13 
to the resistance R2 determined in STEP 114. 
Then, the program returns to STEP 201. 

Furthemore if S > SSET in STEP 212, the 
prograTi advances to STEP 216. In STEP 216, the 
relay s\vjtches SW10 and SVV30 are turned on and 
the relay switch SW20 is turned off in the motor 
control circuit 60e to select the shunt motor-type. 
Then, the program advances to STEP 217. 

In STEP 217, the resistance Ri is retrieved 
from the map MRI with the depression amount e as 
a paramemter accepted in STEP 205. The program 
advances to STEP 21 8. 

The actuater 16a is driven to set the value of 
the resistor 16 to the resistance Ri determined in 
STEP 217. Then, the program returns to STEP 
201. 

Still furthermore, the program advances to 
STEP 219 from STEP 203 if the calculated con- 
sumed power W is larger than the preset value 
WSET. 

In STEP 219, the alarm LED 15 is turned on 
and then in STEP 220 the relay swithes SVVIO and 
20 are turned on and the relay swith SW30 is 
turned off to select the compound-wound motor- 
type. Thftn, the program advances to STEP 221 . 

.A d^'?rer*p'r\'7 c.rrount 9 from -ho r.: i:/r ^2 is 

resiJ'u-H^e R) and Ro aro respccli*' eiy rotii^^^sd 
''.r: rh: r ' ; 2 MRI and ITZ r . / :....r: i 
amount 5 as a paramemter accepted in STEP 221 . 
The program advances to STEP ^^^3. 

Tne ac'u3t::rs 16a and I3a are driven ib ret 
each of val'jes of the resistors 16 and 13 to the 
r?--'h;. .k.^. ji rad R2 determined in STEP 222. 
r;-.? prorra.i: \i\op advances to STEP 224. 



In STEP 224, the terminal voltage Vb is again 
accepted and tnen irt SViP 225, the te.nunal volt- 
age V'b' and the preset reie:er,ce voHage V3ET are 
Zf^^ 'J ' •' " r^' .': r, ' "'t^r:::? '" 'i^'^s to 

5 STEP 220 to set the nnotor to :he ccrrpound- 
wo'jnd motor -^.'D^^ 'f ^ ^'S'nT 'ind {03 •^r'^pr^ini 
returns to STEP Z^) to Cvtc-i^r '..nc v^vci-tvpe 
again l": Vq> /3ET. 

Nsxt P!G 15 i.hovvs a Siiii further preferred 
70 embodirnent accuroiiiQ .3 ^li) ,u.^:>o^'t i. • ^jo. In 
the figure, a field err- r: adjustir^- resistor 50 con- 
nected to a sh'j4!C 00 u - ^ic:jr 3 J an 
armature voltage adjusting resistor 51 connected to 
^ * 3 * -'i ^z. " : ' ;.. .. '0 • ~n:^*v-a- 
15 to; .-2 throLjh V'V^::; 54^ ^rd j4r^ -.r^'^ ! ; k 0:. 

Connection of an armature coil 6a to the shunt 
coil 6b and also the series coil 6c are switched by 
a switching • means composed of an interlocked 
switch SW40 which is operated by the motor-type 
20 selection section 380 according to travelling con- 
dition. 

FIG. 15 now represents the compound-wound 
motor-type. The motor 6 is then switched to the 
shunt motor-type when three contactors of the 
25 switch SW40 are switched one stage downward, 
respectively. The motor 6 is switched to the series 
motor-type when each contactor of the switch 
SW40 is switched one more srage do'.vnward. 

The wires 54a and 54b are pulled through the 
30 link 53 when the accelerator 52 is depressed to 
make values of the resistance 50 and 51 less so as 
to obtain the required torque and a vehicle spded. 

As is understood from the foregoing, the 
present invention provides a switching means for 
35 switching connection between an armature coil- and 
a series coil and a shunt coil of a vehicle motor 
according to travelling condition. One motor is thus 
switched to a compound-wound motor-type, a se- 
ries motor-type and a shunt motor-type to obtain 
40 best motor characteristics matching with the travel- 
ing condition. Therefore, such as vehicle perfor- 
mance and cost performance are greatly improved. 
While the presently preff rrod embodiments of 

the 



Claims 

1. A switching i .. • ' 'J 

an ?5nvia'';rt. o'/.l, u •:■ ' / :\". i r/s 

coil and ccn. r»c 'or; the .r.j • ' - : . 

an:' . ' ' ' . . " 

ilrst swiichifig meaivoi for conrifictiM.n tco i'.'jr:t coil 
to the series nlrc it .'i p:i:.':!!tl to ' ' roil 
55 to set up :he mo'c :.s iv; ■ *: . ' 

v/hen the shunt coil is connected to the series 
circuit, whife set up as a series motor as soon as 
disconnected therefrom. 
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2. Th3 appciratus accordif^3 to ciaim 1. further 
comprising: 

detection me?ns for detec^inq a depression amount 
of an accelerator of the vehicle; 
judging means having a depression amount-preset 
vakV. for judging v/hether a nount of depression 
is larger than the preset va* i^> or not; and 
sele;Ciion means responsiva to the judging means 
for controlling the first sv/it':hing means to set up 
the motor as a series motor v^^hen the depression 
aiv.Dunt is larger than the presot value and as a 
cornpound-wound motor whsn the former is smaller 
than the latter. 

3. "fhe apparaxus accoroMig claim 1, iufihor 
comprising: 

detection means for detecting a depressionn 
amount of an accelerator of the vehicle; 
variable resistor means connected to the series 
circuit for adjusting an armature voltage to be ap- 
plied to the armature coil; 

setting means for setting an armature voltage ad- 
justing resistance in accordance with the depres- 
sion amount; and 

adjusting means responsive to the setting means 
for adjusting the value of the variable resistor 
means to the armature voltage adjusting resistance, 
v/herein, 

the depression amount becomes larger the anna- 
ture voltage becomes larger. 

4. The apparatus according to claim 1, furtiier 
comprising: 

an accelerator mounted on the vehicle; 
a first variable, resistor connected between the se- 
ries coil and the battery and provided with a sBder 
for sliding to vary the resistance thereof; and 
connecting means for connecting the accelerator 
and the slider of the variable resistor to move the 
slider in responce to a depression amount of the 
accelerator. 

5. The apparatus according to claim 2. wherein 

the first switching means is a first relay with a first 
coil controlled by the selection means and a first 
terminals disposed between the shunt coil and the 
series circuit 

6. The apparatus according to ciaim 2, wherein 

the first switching means comprises a first svi.nEch 
disposed between the series coil and the battery, a 
second switch disposed between the shunt coii and 
a p^rsl be^vos^ the first s.viir.h and the battery and 
a -riri sv/itcn in a lin-'-) paralfei to Ihe series coil and 
the i'"r?' coii, ihD first, secrrd and third SK^tch 
controlled by the selection rnc-ians to set up ihe 
motor as one of a series motor, a compound- 
wound motor and a shunt motO'. 

7. The apparatus according to claim 1. fuclher 
comprising: 

second switchinrj means for disconnecting the se- 
ries coii from the series circuit to set up tlie ir»olcr 



as a shunt motor when the shunt coil Is connected 
to the series circuit and the series circuit is discon- 
ncted therefrom. 

a. The apparatus according to claim 7. further 
5 comprising: 

calculation msans for calculating a cor^sumed pow-. 

er of the motor; 

judging means having a consumed power-preset 
value for judging whether the consumed power is 

70 larger than the preset value or not; and 

selection means responsive to the judging means 
for controlling the first and second switching means 
to set up the motor as a compund-wound motor 
when the CGf^,3umed power is lar^-er than the preset 

15 value. 

9. The apparatus according to claim 8, wherein 

the second switching means is a second relay with 
■ "■ a second coii controlled by the selection meanis 
and a second terminals disposed between the se- 
20 ries coll and a connecting point of the first relay 
and the battery. 

10. The apparatus according to claim 7. further 

compdsing: 

detection means for detecting a depression amount 

25 of an accelerator of the vehicle; 

judging means having a depression amount-preset 
value for judging whether the amount of depression 
is larger than the preset value or not; and 
selection means responsive to the judging means 

30 for controlling the first and second switching means 
to set up the motor as a compound-wound motor 
when the depression amount is smaller than the 
preset value. 

11 . The apparatus according to claim 10. wherein 

35 the second switching means is a second relay with- 
a second coil controlled by the selection means 
and a second terminals disposed between the se- 
ries coil and a connecting point of the first relay 
and the battery. 

40 12. The apparatus according to claim 7, further 

comprising: 

detection means for detecting a consumed current 
of the motor; 

judging means having a consumed current-preset 
45 value for judging wether the consumed current is 
larger than the preset value or not; and 
selection means responsive to the judging means 
for controlling the first and second switching means 
to set up the motor as a series motor when the 
50 ccnsufTied currcrjt s smaii^r than the preset value. 

13. The apparatus according to claim 12, wherein 
,r.3 second switching moans ?s a second relay wi'h 

• a second coil controlled by trie selection means 
snd a second terminals disposed between the se- 
es ries coil and a connecting point of the first relay 
and the battery. 

14. The apparatus according to claim 7, further 
corripricing: 
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detection means for detecting a vehicle speed- 
judging moans hiving a veiiicio speo^d-oresot value 
for judging whether the vehicle speed is larger than 
the presst value or no+; z-d 
selection nieans responsive to the judgino mpaiis 
for controlling the first and second switchir'-j roeans 
to set up the motor a-j 3 series motor v'-n th-^ 
vehicle speed is smaller than the prejot vciJe and 
as a shunt motor when the former is larger than the 

15. The apparatus according to claim 14. whorpin 
the second switching mur.ns is a s.-.cond r:^.,zv -.Aih 
a second coil controlled by the selection meens 
=nd ?. second terminals fJispcspr" br.-t.,- . • 

riss coil ana a connecting point of :he firs: re;w 
and the battery. " 

16. The apparatus according to claim 7. further 

comprising: 

detection means for detecting a depression amount 
of an accelerator of the vehicle: 
variable resistor means connected to the shunt coil 
for adjusting field current; 

setting means for setting the field current adjusting 
resistance in • accordance with the depression 
amount when the accelerator is depressed, by 
• means of ttie memory means; and 

adjusting means responsive to the setting means 
for adjusting the value of the variable resistor 
means to the field current adjusting resistance, 
wherein, 

the depression amount becomes larger the field 
current become larger. 

17. The apparatus according to claim 7. further 
comprising: 

calculation means for calculating a consumed pow- 35 
er of the motor; 

judging means having a consumed power-preset 
value for judging whether the consumed power is 
larger than the preset value or not; and 
warning means responsive to the judging means 40 
for warning of the state that the consumed power is 
larger than the preset value. 
18. The apparatus according to claim 4. further 
co.Tiprising: 
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second variable resistor connected between the 4S 
shunt coil and the battery and provided with a 
second slider to be operated by the accolerator 
through the connecting means for varving the r--- 
sistance thereof. 
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